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In this paper, we propose a model of a dipole with an atomic structure instead of the standard dipole model with point unlike charges
and the Hertzian dipole model, which have significant drawbacks. The equations of the Hertzian dipole and the standard model
operate from a distance much larger than size of the dipole, and the quasistatic Coulomb and Biot-Savart fields are the essence of the
reactive near field, its own fields with a phase shift Apg y = #/2, which have no restrictions on the distances to a dipole, since they are
directly related to charges and their motion — currents. In the framework of the proposed dipole model, we described the physical
mechanisms for the formation of near and far fields of an oscillating dipole, which are based on the use of the Coulomb and Biot-
Savart fields, the quasistatic lines of force of their electric charge fields E, and the magnetic fields of the currents H for the analysis
of energy fluxes: reactive S, at Apgyy = #/2 and active S, at Ape 4 = 0 aike.
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B po6oTi 3ampornoHoBaHa MOJIEIb TUIONS 31 CTPYKTYPOIO aTOMa 3aMiCTh CTaHJAPTHOI MOJIENi AUIONS 3 TOYKOBUMH Pi3HOMMEHHUMU
3apsamu Ta Mozeni aunons ['epua, sSKi MaroTh iICTOTHI Hepouiku. PiBHsAHHS aunons ['epra i craHgapTHOI MOAENI BUKOHYIOTHCS IS
BI[ICTaHi, II0 3HAYHO IEPEBHUILYE PO3MIp caMoro AWNoisd, a kBazicratmyHi mons Kymona i bio-CaBapa € cyTTIO peakTHBHOTO
OJIMXKHBOTO TIOJIsT, HOTO BIACHUMH HOJISIMH 31 3¢yBOM (a3 Apgy = 7/2, siki He MaroTh 0OMEXEHb Ha BiJICTaHb J0 JUIONS, OCKITIBKU
Oe3nocepenHbO 3B’ sA3aHi 3 3apgaMH Ta IXHIM PyXOM — CTpyMaMH. B pamMkax 3amponoHOBaHOI MOJENI AWIOJS HaMHU OyJIH OIMCaHi
¢i3nyHi MeXaHi3MH (OpMyBaHHS ONMKHIX 1 JaNbHIX ITOJIB OCHWIIIOIOYOTO AWIIONS, SIKI TPYHTYIOTBCS Ha BHKOPHCTAHHI ITOJIB
Kynona ta bio-CaBapa, kKBa3iCTaTUYHHMX CHJIOBHX JIiHIH iX €JIEKTPUYHMX 3apsioBuX moiiB E i MarHiTHUX moniB cTpymiB H 1
aHaJi3y MOTOKIB Heprii: sSIK peakTUBHUX S, npH Agg y = 7/2, Tak i akTuBHUX S, ipu Agg y = 0.
KJIIOUYOBI CJIOBA: nunons, 6J1KHE M0JIE, AANBHE T0JIe, PO3KOMIICHCALis, OCIUIIALIS

MOJIEJIb JAIIOJISA CO CTPYKTYPOI ATOMA
JI.A. Bacuaenko’, B.C. Cunopenko®, ILA. Kpasuyk’, B.W. Ipuropyk’, B.H. KaneBckmii®
*Kuescruii nayuonansusiii ynusepcumem umenu Tapaca Illesuenxo
yi. Braoumupcras, 64113, Kues, Yrpauna, 01601
2I/IHcmumym xumuu nogepxnocmu um. A.A. Yyiixo Hayuonanvnoii akademuu Hayk Yxpaunol
ya. I'enepana Haymosa, 17, Kues, Yxpauna, 03164
B pabote npemroxena MOJeb JUITONS CO CTPYKTYPOH aToMa BMECTO CTaHAAPTHOW MOJENHU JUIIOJNS C TOYSYHBIMH Pa3HOUMEHHBIMHU
3apsaaMu 1 Mozienu unodst ['epia, KoTopble UMeIo CyIIeCTBEHHbIE HEIOCTaTKU. Y paBHEHMs U0 ['epua u cTaHiapTHOW MOIeNn
paboTaloT OT PacCTOSIHUSI, HAMHOTO IPEBBIIIAIONIEIO pa3Mep CaMoro IHIojs, a KBasucratudeckue nois Kymona n Buo-Casapa
SIBISIOTCS. CYTBIO PEAKTUBHOTO OJVKHETO IOJIsI, €r0 COOCTBEHHBIMH TOMSIMH CO COBHTOM (a3 Aggy = 7/2, KOTOpbIE HE MMEIOT
OTpaHMYEHHI Ha PACCTOSHHSA K AUIIOIIO, TOCKOIbKY HEMOCPEACTBEHHO CBSI3aHBI C 3apsaMM U UX JBIKEHHEM — TOKaMH. B pamkax
MIPEUTO’KEHHO MOJIeNH AWIONS HaMH ObUIM ONMHCAaHbl (PU3MUecKHe MeXaHW3MBI (OPMUpPOBAHMS ONMKHUX W AANbHHUX MOJei
OCIMJUTHPYIOIIETO AWIOJS, KOTOphle OCHOBAaHBI HAa WcHonb3oBaHMM moneid Kynona m Bro-CaBapa, KBa3sHCTaTHYECKHX CHIIOBBIX
JIMHUH UX 9JIEKTPUIECKUX 3apsIoBHIX rmojiel £ M MarHUTHBIX Iojeil TokoB H I aHaM3a MOTOKOB SHEPTHH: KaK PEaKTUBHBIX S
npu Agg y = 7/2, Tak 1 akTHBHEIX S, ipu Agg iy = 0.
KJIFOUEBBIE CJIOBA: nunons, 6irkHee nole, JaibHee 1oje, pACKOMIICHCAIHs, OCIMIUISLINS

B kiraccuueckoii 3eKTpoHHAMUKE eCTh Mojeb aunoist I'epia [1-4]. D1o GeckoHeYHO Malblil 6ECCTPYKTYPHBIN
JJIEMEHT TOKa — (PaKTHUYCCKH «4IEPHBIN sAmmk». B Monenu I'epria HeT peanbHBIX BHYTPUAMIIONBHBIX BekTOpoB E, H u S
[1], uro He mO3BONIET paccMOTPeTh (PU3UUECKHE MEXaHU3MbI (DOPMHUPOBAHUS PEAKTUBHBIX M AKTUBHBIX IMOTOKOB
SHEPIHH, COOTBETCTBCHHO ONIKHETO W JalibHero moiieii. B mocieqnee BpeMs Bce OobIe u OOJBIIE UCCICIOBAHHML:
Kak TeopeTnueckux [5, 6], Tak U IKCIEpUMEHTANBHBIX [7, 8], MOKa3bIBAIOT NPUHIUIHAILHOE OTIAHYHE (PHU3UISCKUX
MIPOIECCOB, MPOUCXOAANINX B ONMDKHEM UM JaNbHEM NoJsix. B aumone I'epria HeT moHATHS Mex3apsmoBoi cuisl F, a
CIICIOBATEIBHO M MEXaHW3Ma YCTaHOBIICHHS PABHOBECHS AMIUTHTYIbI KoyebaHmit |y JAMIONBHBIX 3apsgoB IO
JIECTBUEM BHEIIHEr0 HHAYLUpYIoLero nois Ey.
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B cranpmapTtHOW Monenu OumosieM SBISETCS CHCTEMa, COCTOSIas W3 JABYX TOYEUHBIX 3apaaoB +q u —(,
PacIoNIOKEHHBIX Ha pacCTOsIHUH |g IpyT oT Apyra, mpuaéMm I > g (Tae I — paccTosHUE OT TUIONS K TOYKe HaOIIOICHHS)
[9, 10]. ToueuHocTh 3apsOB I3TOM CTaHAAPTHOW MOJENHM [OJDKHA IOMYCKAaTh HCIOJb30BaHHE 3akoHa Kysona:
F ~(q-0,)/1%. Ho nombiTka npumenenus 3akona KylnoHa K 3apsjaM aTOMHOTO Jumons mpuBogut mpu 1—0 k

CHHTYJISIPHOCTH B HyJI€BOW Touke (r/ie 3apsabl COBMENIAIOTCS WM JUIIONb CXJIONMBIBAETCS), TaK Kak mpu 3toM F—oo, U
HHUKaKOE BHEITHEe MoJte (C KOHCUHOM CHUIION) He CMOYKET Pa3BECTH 3aps/Ibl M MOMAPH30BATH ATOM.

I/I3BeCTHO, YTO IMIpU TMNPUITOKCHUMU BHCHIHETO TIOJII aTOMBI TIOJAPHU3YIOTCA W HUX JUIIOJBHBIC MOMCHTBI
OCHIMJUTMPYIOT C y4acTUEM BHYTPEHHHMX MEX3apsanoBbIX cuil. Ho 3To He cuibl 3akoHa KyinoHa — BHYTpH aTOMHOIO
munons 3akoH Kynona He pa®otaer. OueBUAHO, YTO HEOOXOAWMA HOBas MOJNENIb IUIONS W JIpyras (opmyna s
BHYTPHUIUIIONBHON CHIIBI MEXIY 3apsiiaMH OCHMLIHPYOMEro Aumois. Heo0XoquMo MpHHIUIHATIBHO U3MEHHUTh CaM
ITOJIXO/] K MOHUMAHHIO MPOIECCOB, MPOUCXOISAIINAX MTPH OCIMILUISAINH JHUITOIIS.

Lenb paboOTHI COCTOMT B pa3pabOTKe HOBOW MOJIETH IUIIONS, Oojice MPUONMKEHHOW K PEalbHOCTH, HEXKEIH
Mojenb aumnoisi ['eplia WM craHgapTHash MOJEIb C Pa3HECEHHBIMH TOYCYHBIMHU 3apsilaMd, a TakKXkKe OIMHCaHHe
peoOpa3oBaHus PEAKTUBHOTO OJNMYKHETO MOJIsi B aKTHBHOE MOJIE€ H3JIyYeHHE C HCIOJIb30BAHHEM IPEUIOKEHHON
MO/JICIIH.

MOJIOKEHUWS MOJAEJIN

B ommune or GeccTpyKTYpHON MOIAEny Jumois ['epra MM CTaHAAPTHOM MOJIENH C TOYEYHBIMH 3aPSOaMH MBI
NPEUTOKUIA UCIIONB30BATh I MOAENU JUIONS PEANbHYIO 3apAI0BYIO CTPYKTYPY aToMa, B KOTOPOH ITOJI0KUTENbHEBIH
3aps Aapa BCETa HaXOMUTCS BHYTPH JJIEKTPOHHON OOONOYKH, M Ha3sBaIM €€ «MOJIEBIO IHIONSA CO CTPYKTYPOid
aroMa». JT1a Mojellb (PYHKIMOHUPYET IS JIIOOBIX aTOMOB M MOJIEKYJI, TaK KaK BCE OHH IOJSAPU3YIOTCS BO BHEIIHEM
nosie, 00pasys OCHMUTMPYIONHMEe AUonu. [IpeioxKeHHas aToMHas MOJENb IWIONS Ha OCHOBE KBAa3MCTATHUECKOM
SIIEKTPOTMHAMUKH paboTaeT BHE PE30HAHCOB.

CoOCTBEHHBIE TIONIA 3aPSIOB AApa U 3JIEKTPOHOB aToMa TMOPOKIAIOTCS POIIECCAMH, KOTOPEIE MMEIOT MECTO OBITh
BHYTPH 3THX 4acTHll. J[aHHbIE NPOLIECCH] B CTAThE HE PACCMATPUBAIOTCS, IIOCKOJIBKY BBIXOAT 32 PAMKH KJIaCCHYECKOM
DJIEKTPOAMHAMUKH. VIX TIPOSIBIIEHUS BUIHBI TOJILKO BO BHELIHMX CHJIOBBIX MOJIAX 3apPAI0B.

ITOCKOJIBLKY  9JIEKTPOHHBIE OpOMTANM  IIEHTPAJbHO CUMMETpUuHbl [11], TO BMECTO NPOCTPAHCTBEHHO
pacrpeIeeHHbIX [10 HUM 3apsAJI0B DJIEKTPOHOB Mbl BBEJIM B MIPEUIOKEHHYIO MOJIENb UII0JIs IIOHATHE «IKBUBAIEHTHOTO
OTPHULATENLHOTO 3apsaa» (—Q), PaBHOrO CyMME 3apsOB BCEX DIIEKTPOHOB aTOMa U PACIONOXKEHHOTO B IIEHTPE
CHUMMETPHMH €r0 SJIEKTPOHHBIX OpOuTaneil. DTO HE peajbHBIA 3aps, a €ro SKBUBAJIECHTHAS MOJENbL, ObJerdaronas
onucanue GU3NIECKUX MEXAHU3MOB, IPOUCXOIAIINX MPU OCHMJUISIUH PEATLHOTO AUTIONA CO CTPYKTYPOH atoma.

LlenTp monoXuTENBLHOTO 3apsaa +q (sapa) BCerjga HaXOMUTCS BHYTPH BJIEKTPOHHOM o6oiouku (puc. 1), Takum
00paszoM, ToJIst 3apsAI0B +( U —( BCETIa MEPEKPHIBAIOTC M YaCTHYHO KOMIIEHCHPYIOT APYT Apyra. be3 BHemIHEro moss
(Eo=0) mentpsl 3apsamoB +( ¥ —( COBMEILIECHBI, KOMIICHCAIIUS 3apsAIOBBIX IMOJEH MOJHAS M aTOM HETOISPU30BaH
(puc. 1, a).

Ey A

Z — OCh KOImeOaHnil OHImonsd

P

4]

Puc. 1. [Tonspu3anust aToMa BO BHEIIHEM HJICKTPUYECKOM I10JIe
(a — arom HemonspHu30BaH, 6 — aTOM MOJSIPU30BAH U OCHIILIUPYeET). Pa3HOHampaBIeHHOCTh oceil Eq U Z yKa3biBaeT Ha
CMEIICHHE AIICKTPOHHOI 000J0YKH MPOTHB BHEIITHETO OIS, «+% — MOJIOXUTEIbHBIN 3apsil siApa aToMa, «—» — SKBHBAJICHTHBIH
OTPHLATEIBHEII 3apsif AMEKTPOHHOTo obaka. [IyHKTHpOM 0603HaYEHO IMEKTPOHHOE 00TaK0

Bo Buemnem mone (Eg#0) agumons ocummampyer (puc.1l,6). B mpomecce OCHMUIANMH MPOUCXOTUT
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uHTepdepeHLns ToNei ABYX 3aps0B, OJMHAKOBBIX MO BEIWYMHE, HO MPOTHBOIOJIOXKHBIX 1O 3HaKY. SApo Ha MOPSIKU
TSKEJICE 3JICKTPOHOB U MOATOMY NMPAKTHYSCKH HETIOJBUKHO. L[CHTPBI Pa3HOMMEHHBIX 3apSJIOB TO OTJAASIOTCS APYT OT
apyra (pacxomsares), To commxkatorest (cxomsates). [Ipu 3TOM OHM KOMIIEHCHPYIOT TO MEHBIIYIO, TO 6dnbmy10 4acThb
COOCTBEHHBIX KBa3UCTATHYCCKUX MOJICH APYT OPyra M UX CHIOBBIX JUHMA. CaMu TOJISL OCTAIOTCS MPH CBOUX 3apsjiax,
HO HHTEep(EPEHIIHSI IMOJIeH pa3HONMEHHBIX 3apsI0B YMEHBIIACT NX BHEIIHEE CHIIOBOE MPOSBICHUE, H3MEHSS INIOTHOCTh
CHUJIOBBIX JIMHUH. 3HAUNTENbHAS YacTh CHIOBBIX JIMHUAN 0OOMX 3apsAI0B HAXOIWTCS B CBI3aHHOM COCTOSHHH B3aUMHOI
KOMICHCAIIMM W HE TPOSBISAET cedS B CHIOBOM B3aWMOJCHCTBHH. OTO MOXKHO Ha3BaTb WHTepQepeHIHei
KBa3UCTATHUYECKUX TOJel. TakuM o6pa3oMm, OIKHEe Mojie — 3TO COOCTBEHHBIC KBa3HCTATHUECKHE MO (CHIIOBBIC
nuann) Kymona m bro-CaBapa AByx KOJCOIIONMXCS 3apsiOB IWIOINS, TOJS KOTOPBIX HHTEPPEPUPYIOT IMPH €ro
ocumsiiui. Ho BHEMIHE 3TO BBINVIAAMT KaK IyJIbCAIMS 3JICKTPOMArHUTHOTO IOJIs, PEAaKTHBHOIO MO CABHraM (a3 u
3HAKOIICPEMCHHOCTH TIOTOKOB SHEPTHUH.

3aMeTuM, YTO BIICKTPOHHAS 000JI0UKA BCETa COACPIKUT BHYTPH CeOs HE TOJIBKO SKBUBAJICHTHBIN OTPHUIIATSIILHBIN
3apsiji, HO U TIOJIOKUTENBHBINA 3apsil AApa, TO €CTh (PaKTHUCCKU BECh JUIMOJb. B JTaHHOW MOJIEIIN OCKIO JIUIOJIS SABJISCTCS
mpsiMasi, IPOXOAIIAS Yepe3 EHTP MOJOKHUTEIBHOTO 3apsija sIpa U HEHTP YKBUBAICHTHOIO OTPHULATEIHHOTO 3apsia
AJIEKTPOHHOT'0 00JIaka aToMa.

[Mpu mpHIOKEHUH BHEIIHErO MOJS JJIEKTPOHHAs 000J0YKa CMeaeTcs (BBITSTHBACTCS) OTHOCHTEIBHO Spa
MPOTHB TOJNS W IIEHTPHI 3apsaoB +(Q u —( pacxomsarcst (puc.2,a). ATOM TIONSPH3YETCS 3a CUET YaCTHUHOM
PaCKOMITEHCALINH TIePEKPHIBAIOIIIXCS TIOJIEH pacXOMAIINXCS PAa3HOUMEHHBIX 3apA/IO0B.

[Ipy m3MeHeHHWM 3HAaKa BHEIIHETO IIOJsI, HAIpPaBIICHHE CMEIICHHS SJIEKTPOHHONW OOOJOYKM H3MEHSETCS Ha
nportuBonoiokuoe (puc. 2, 6; 1, 6). CHIOBBIC JHHHU BIIEKTPUUICCKOTO TMOJIST JIUIOJS, COTJIACHO 3JIEKTPOCTATHKE,
HaYMHAIOTCS HA TMOJIOKUTEIHLHOM 3apsie W 3aKaHYMBAIOTCS Ha OTpuuatedbHOM. OHH BCerAa IMPOTHBOIOJIOXKHBI
BHeHIHCMy I10JIKO EO nu HOBTOMy YJaCTUYHO KOMHGHCI/IpyIOT €ro, ueM u 061:.5{CH$[6TC${ yMeHBHICHI/IC aMHJ’[I/ITy)II)I BOJIHEBI B
JIMDJIEKTPUKE B & pa3 (TJ1e & — QUAJIEKTPUYECcKast IPOHUIIAEMOCTD).

B mporecce cMmeleHuss 3KBHBAJCHTHOTO OTPHIIATEIIEHOTO 3apsja JJIEKTPOHHONH OO0OJOYKH BO3HUKACT TOK,
KOTOpBIH 10 3akoHy buo-CaBapa reHepupyer BOKpYyr JuHMH Toka (ocu mumoist |) 3aMKHYThIE CHUIIOBBIE JIHHUA
TOPOUJATHFHOTO KBa3HCTATHYSCKOTO MAarHUTHOTO 1OJIs1. HarnpasiieHre Toka MPOTHBOIOJIOXKHO CMEICHHIO ICKTPOHHON
000JIOYKH, TO €CTh COBITAJACT C HAIIPABICHUEM BHEIITHETO TOJIS.

BaxHBIM 371€MEHTOM TPEII0KEHHOW aTOMHON MOJENH SBISIETCS TO, YTO B MPOIIECCE MONSIPH3ANUH, TO €CTh pH
W3MEHEHNUH TIeYa U0 |, MEHAETCS BEIMUMHA PACKOMIICHCAIINH TTOJIEH (3TOTO HET B CTAHIAPTHON MOIEIH W MOJICITH
munonst [epra). B craHmapTHOM MomenW AWIIONS PACKOMIIEHCANHUS MOJIEH TOCTOSHHAsE, YTO HE COOTBETCTBYET
JIEHCTBUTENFHOCTH. A MUToib I'epra — 6ecCTPyKTYPHBIN, YTO HE TIO3BOJISIET PACCMOTPETD SBIICHHE PACKOMIICHCAIIUH B
TIPUHIIHIIE.

—_———

.'f \
i \
\
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Puc. 2. ATOMHBII AUTIOJIb BO BHEIIHEM 3JIEKTPHYECKOM I10JIC PH Pa3HBIX HAMPaBICHHUAX BEKTOPA HANPSHKEHHOCTH (a U 0).
«+» — [OJIOXKUTEIIBHBIN 3aps] S1pa aTOMa, «—» — 3KBUBAJICHTHBIH OTPUIATENBHBIN 3aps]l IEKTPOHHOTO 00JIaKa.
[TyHKTHPOM 0003HAUEHO ANIEKTPOHHOE 00JIAKO.

C yBenu4eHHEM BHEIIHEro MoJs LEHTP JIEKTPOHHOH 000JOYKM BCE Aaiblie CMEMIAETCs OT IMOJIOXKUTEIBHOTO
Spa, YTO MPUBOAMT K ele OOJbIIel pacKOMIICHCAIIMU MEPEKPhIBAIOIINXCS 1MoJiel 3apsanoB +q u —0. Takum oOpaszoMm,
MPY U3MEHEHUH BHEIITHETO MOJIS TUIONBHBIA MOMEHT P = gl MeHseTcs 3a cuéT 3 dexta pacCKOMIICHCAIHH.

O4eBHIHO, YTO A OMMCAHUS CHJI INPUTSDKEHUS MEXIy MPOTHBONOIOXKHBIMM IO 3HAKy 3apsaaMu B Ipolecce
YaCTHYHOM PacKOMIIGHCALMM WX IOJIEH ITOJ JIEHCTBHEM BHEIIHETO IOJSPU3YIONIEro MOl BMECTO (OpMyIbl 3aKOHA
Kynona HeoOxoanma apyras opmyiia, KOTOpasi yIUTHIBAET U3MEHEHNE BEINYMHBI PACKOMIICHCAIINH TIOJIEH 3aps/oB ¢
n3MeHenuneM mreda qumnois | (puc. 3).

Jlns  umccnemyeMoil MOJENM IUIONS HAMU IpeIokeHa (yHKUMOHanmbHas (opMyna AWIONBHOM —CHIIBI,
BO3HMKAIOIIEH MEXTy pa3HOMMEHHBIMU 3apsilaMU B IIPOLIECCE PACKOMIIEHCALIUY UX TOJNEH:
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' F()~E,—E.D,
PR rie Eq — Hanpsxk€HHOCTH 3NEKTpHYecKoro mons 3apsga, E(l) -
HAaIpsDKEHHOCTh CKOMIIGHCHPOBAHHOW YacTH 3JIEKTPUYECKOTo MOJs 3apsaa
EL] (xomnencanus), npuuém 11 = E¢| = F1 (1| = EcT = F|). Takke dopmyny
[ JUISL TUTIOJIBHOM CHITBI MOXKHO TIPEJICTaBUTh B CIICIYIOIIEM BHIE:
FD~E.D, (1
rae Eq(l) =Eq— Ec(l) — HampsmkEHHOCTH HECKOMIICHCHPOBAHHOHW YacTH

- JNIEKTPUYECKOr0 ToMs 3apsaa (packommencauus). Tyt 11 = Egt = F1
(1} = Egcl = F). B a10ii popmyIie oTCyTCTBYET npobiieMa CUHTYJIIPHOCTH B

Puc. 3. Hanpasnenne BexTopoB Eq 1 Ec o
HYJIEBOM TOYKE, TaK KakK:

IpyU paCKOMIICHCAIlnHU / KOMIICHCallun
ToJIeH 3apsaa0B JUIIO0JIA.

l>0=>E, >0=>F —>0.
(E. >E,)

Ecmu BHemnee monie Ey pa3sBOOUT 3apsiibl TO, COMVIACHO (OpMyJie TUMONBHOW CHJIBI, OHM Ha000pOT —
NPUTATHBAIOTCA JAPYT K Apyry. Tak cuioBoe AeicTBUe BHEIIHETO 1ot Eo n ANNONBHON CHITBI F TIPsSIMO IPOTHBOIIOIOKHBI
U JATbHEUni pocT aMmiuTy /bl |y Koebanuii MO OCTAHABIUBAETCS PU JOCTHXEHUHM PABHOBECHS 3TUX CHIL.

Ha puc. 4 n3zo0pakeHbl rpadMKd 3aBUCUMOCTH CHJIBI B3aHMMOJCHCTBHS MEXIY Pa3HOMMCHHBIMH 3apsIaMH OT
paccTosHuS MeK Ay HUMU. OCIMIUIAIUS aTOMa BCET/Ia IIPOUCXOINUT B HAaYaJe TICPBOM 30HBI (SKUPHBIA yJacTOK JIUHHUHU) JIO
ero MoHu3anuu. Japo octaéres BHYTPH IEKTPOHHONW 000JI0OUKU U PACKOMIICHCAIIHS MO pa3HOMMEHHBIX 3apsSI0B BO
BHEIITHEM MoJie yacThuuHas. [Ipu OONbIINX BHEIIHUX MOJISAX HAYMHAET MPOSBIATHCS HEIMHEWHOCTh (TOHKUH Y4aCTOK
JUHAHN), a TIPU JalTbHEHIIIEeM X POCTE — MOHU3AIUS aToMa (BTOpasi 30Ha), TO €CTh OTPBIB SJIEKTPOHHOU 000IIOUKH OT S/1pa.
B TpeTneii 30HE 3eKTpOHHAS 000JI0YKa U AP0 YK€ OTIAENICHBI B IIPOCTPAHCTBE APYT OT apyra. U Tyt paboTaer 3aKoH
Kynona.

[

Puc. 4. KauectBeHHOE N300pa)KeHHEe 3aBUCUMOCTHU CHJIBI B3aUMOJEHCTBUS MEXIY 3apsaaMu +0 U —(| OT pPaCCTOSTHUS MEKIY HUMH.
(1 — 30Ha ocHMILIALNH, B KOTOPOii paboTaeT ¢popmyia TUMoIbHOH cuibl (1), 2 — 30Ha HOHU3AIMHK C OTPBHIBOM JICKTPOHHOM
00070YKH OT sipa, 3 — 30Ha AeicTBH 3akoHa KyoHa MexIy pa3aeinéHHBIME 3apaJaMu,
00pa30BaHHBIMH B pe3yJIbTaTe HOHU3ALIH aTOMa).

B Harieit cTpyKTypHO# aTOMHOW MOJIENTY MOSIBIISIOTCST BHYTPHIUIIONBHBIE KBazucTaTnyeckue BekTopsl E, H u S,
YTO JIaeT BO3MOXKHOCTH PAacCMOTPETh B MpOLEcce OCHMUISAINK MEXaHU3MBbl (POPMUPOBAHUS MTOTOKOB DHEPIHHU: Kak
peaktuBHbIX Sy =EXH (rme E m H — KOMIOHEHTHI 3JIEKTPUYECKON ¥ MarHUTHOW HaNpsDKEHHOCTEH OJIMDKHETO ITOJIs,
KOTOpBIE UMCIOT cABHUT (a3 Apen = a/2), Tak u akTHUBHBIX S;=ExH (rme E m H — xoMIOHEHTHI 35eKTpUYecKkoil u
MarHUTHON HANPSHKEHHOCTEH aKTHBHOTO OIS M3Iy4eHHs co casuroM (a3 Apen = 0). Bmecte ¢ TeM, Kak yxe cTalio
n3BectHO, E = Eqgc n coorBercTBeHHO H = Hye (Tne Hyc — Hanpspx€HHOCTh HECKOMIIEHCHPOBAaHHOW YacTH MAarHUTHOTO
TIOJIST ABHKYILETOCS 3apsizia).

WTtak, OnmkHee 1ose — 3To moje packomneHcaruy. OHO MOSIBISIETCS] U yCUIINBAETCS, KOT/1a Pa3HOMMEHHBIE 3apsiIbl
BO BHEIIIHEM MHIYLHUPYIOUIEM MoJie pacxomsrcsa. M mcuesaer, Koraa OHM MPOXOASAT HYepe3 HyJEBYIO TOUKY, TO €CTh
COBMEIIAIOTCSl M MOJTHOCTBIO KOMIICHCHUPYIOT NPH HMHTEPEPEHIMH CHIOBOE BIMSHHE IIOJIEH Apyr apyra (camu
COOCTBEHHBIE TOJIS BCErJa HEOTACIMMBI OT CBOMX 3apsioB). IIpy pacxoXkIeHHWU 3apsaoB MOJHAs KOMIEHCALUS
HapyllaeTcss M Ha4YMHAET YBEJIMYMBATHCS HECKOMIICHCUPOBAaHHOEe OmkHee moiie. [Ipu cXokaeHuu, HaoOoporT,
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uHTepdepupyoLre Mojs pa3HOMMEHHBIX 3aps0B COBMELIAIOTCS BIUIOTH JIO ITOJIHOM KOMIEHCALMU BHENIHUX IOJeH
IIPU MX COBMEILCHWU B HyJeBOW Touke. TakuM o0pa3oM, moyisi 00euX 3apsioB SBISIOTCS <HHTEPPEPEHIMOHHON
MacKOW» IpyT JJIsl APYTa, CBS3bIBAs U3MEHSIOIIYIOCS B IPOIECCE OCLILISILIY YacTh CUJIOBBIX JTMHUI.

JUHAMMUMKA ITPOLECCOB OCIIMJUIAIIMHA B JIUTTIOJIE
PaccMOTpUM  TIPOIIECCHI, TIPOTEKAIOMIME TPH OCHWULIIAK JUmoias B 4-x ¢aszax (4eTBepTsAX IepHOa).
CooTBercTBHE MEX Iy 3HaueHUsIMH i, H, a Takke Eqg., F, kak QyHkImit paccrosuus | Mex 1y pasHOMMEHHBIMH 3apsIaMu
JIAIIONIS,, U HANPABJICHUSAMHU PEaKTUBHOTO S M aKTUBHOTO S, MOTOKOB 3HEprud B 4-x (azax nepuopa OCHHUISIUA
MMOKa3aHo Ha puc. S.

L H @- LE; F @

thazer eproga

K AHTTOJIH

OT AHITOJIA

Vs Vs

Puc. 5. Cootercrre Mex 1y 3HaueHusiMu i, H, a Takxe Eqq, F, kak QpyHkumii mieda aumods |,
Y HaNpaBJICHUAMH PEAKTUBHOIO S, M aKTHBHOTO S, IOTOKOB 3Hepruu B 4-x azax nepuoia OCUMIUIALIH.

B wmauane ¢aser | (puc. 6) Moaynp HampsDKEHHOCTH BHEHIHEro moisi Eg W3 HyJIEBOrO 3HAYCHMS HAYMHACT
YBEJIMYMBATHECS, a €e BEKTOp HampaBiieH BBepX. M3-3a 9ero 3apsasl U3 HyJNEBOM TOUKH pPAacXOAATCS, M BO3HHKAET
ompkHee nose. Ha orame yBenuyeHus! pacKOMIIEHCAI[MHM BO3pacTaeT IJIOTHOCTh CHJIOBBIX JIMHMH. KBasucraruueckoe
OmKHEE IoJie PacIpOCTPaHsETCs CO CKOPOCTHIO CBETa, HO KOHIBI CHJIOBBIX JIMHUH, IUIOTHOCTH KOTOPBIX PacTET
MPONOPLHOHATBHO pacTyIlell HalpsHKEHHOCTH OIS, 3aMKHYThI Ha 3apsbl.

Puc. 6. Hauasno ¢assl | (paccmarpuBaemast 061acTh 00BeIeHa ITYHKTUPHOM JIMHUEH).
3aps/ibl U3 HYJIEBOW TOYKH HAYAIH PACXOJUTHCS: —( ABIKETCSI BHU3, @ TOK HAIPABJICH BBEPX.

IToToK BHepruu S HampaBiieH OT TUIOJS BIPAaBO OPTOTOHATBHO ero ocu (puc. 7). Takum obpasom, mpu
PacXOoXJICHUM 3apsZoB HMIET HaKauyka KBAa3HMCTATUYECKOW SHEPTUM PEAKTHBHOI'O OJMIKHETrO TOJS, CHUIIOBBIC JIMHUU
KOTOPOT'0 3aMKHYTHI Ha 3apsi/ibl.



79
Model of a Dipole with Atomic Structure EEJP Vol.5 No.1 2018

Jumnons

E

Puc. 7. Hanpasnenue BexropoB E, H u S; B Hauane ¢a3sl |.

Korna 3apsiipl Ha MTHOBEHHE OCTaHaBIHBarOTCs Ha MakcumyMe | (korma | =lg), To E cTaHOBHTCS MaKCHMaNbHOM,
a ok u H pasubl Hymo (puc. 8). [Ipu mpoxoxaeHHn HyJIeBO# ToUYKK cuTyanms ooparHas: E paBHa HyIo, a TOK U H —
MakcuManbHbl. TakuM 06pa3oM momydaeTcs: CABUT (a3 A@gy = 712 v KBa3UCTATUYECKOE ONMKHEE MOJIe UMEET YHUCTO
PEaKkTUBHBIA XapakKTep.

Puc. 8. Koner dassi | (paccmarpruBaemast o6s1acTb 00OBeieHa MyHKTHPHOMN JTMHUEH).
3apsipl pa3olLTHCh Ha MakCUMyM |g, TOK oTcyTCcTByeT. HakayaH MakCHMyM IUIOTHOCTH CHJIOBBIX JIMHHUI (3HEPrHH) GIIHKHEro MOJIs.
Bce cuioBble TMHHUM Bee ellle 3aMKHYTHI Ha 3apsiax, a TAaKHM 00pa3oM OIS H3IIyYeHHUs [T0Ka HeT

B nauane ¢assi |l (puc. 9) 3apsabl cxoasrcst: —( ABUKETCS BBEPX, a TOK HAlpaBjieH BHU3. W MOCKONIBKY B3auMHast
komreHcarus yeanuuBaetcs (EcT), To cumoBoe mone ymenbinaercst (Egc|) ¥ Takum 00pa3oM 4acTh CHUIIOBBIX JIMHHN
Haka4aHHOTO B (ha3e | OMmKHEro mois OKa3bpIBalOTCS M3OBITOUHBIME. OHH OTPBIBAIOTCS OT PAa3HOMMEHHBIX 3apsiOB,
MPEeBpAIasCh B CAMO3aMKHYTBIE TIETIIH TOJS H3ITydeHus. TakuM 00pa3oM, Iporece caMO3aMBIKaHUS U MPeoOpa30oBaHUs
ONIDKHETO TIOJIS B TOJIE M3IMYYCHUS HAET HE B OMHON HyIleBOH Touke, Tae Ey = 0, a B TeueHne Bcel (a3pl CXOXKIACHUSL
3apsI0B 32 CUET mporecca KOMIIEHCAINH TIPH YMEHBIIEHUH Tuieda aumoist |. Unér cOpoc n30BITOYHEIX CHITOBBIX JIMHHMIA,
KOTOPBIE CAMO3aKOJIbIIOBBIBAIOTCS M IIPEBPAIAIOTCS B 3aMKHYThHIE METIIH OIS H3ITyYCHUSI.

Puc. 9. Hagano ¢ass 1.
3apsiabl CXOMATCS, M YMEHbLIAeTCsl Eg B Ipoliecce KOMIEHCALHH.
O6acTh caM03aKOIBLIOBBIBAHIS 0003HAYEHA HAKIIOHHON CTPEIIKOM.



80
EEJP Vol.5 No.12018 D.O. Vasylenko, V.S. Sydorenko et al.

B ¢aze |l omHOBpeMEeHHO CyHIECTBYIOT l1Ba MOJISI: yMEHbBIIAIOLIEECs] KBAa3HUCTATUYECKOE PEaKTHBHOE OJMKHEe
HoJie, KOTOpPOE 3aMKHYTO Ha 3apsiibl, ¥ YBEIMYHBAIOLIEECs] aKTUBHOE CBOOOIHOE IOJE M3IIYYCHUs (HalbHee IoJe),
OTOpBaBIIEECs OT 3apsSJ0B 1 00pa30BaBIlIee CaMO3aMKHYTHIE TIETIIH.

PaccMoTpuM HampaBieHUs IOTOKOB SHEPTUH 3TUX IBYX roiei. PeakruBHoe 6mmkHee nose ¢asel || mokazano Ha
puc. 10. Bexrop E W TOK HampaBlieHbl BHHU3, N03TOMYy BekTop H HampaBieH «k Ham». TakuMm oOpa3oM, BEKTOp
IMoiiHTHHTa peaKTHBHOM SHEPIUK S, HAMPABJICH K JUIIONO0 (OPTOrOHAIBHO €ro OCH).

S’,. H

Hunons

E

Puc. 10. HanpaBnenue Bextopos E, H u S; B 9KBaTOpUaIbHOM IUIOCKOCTH U0 B dase I1.

Paccmorpum (opMupoBaHHEe aKTUBHOTO ToNs m3imydeHus B ¢ase |l. ToCKOMbKY MpH CXOXKICHUU 3apsloB HX
CHJIOBOC TIOJIC YMEHBIIACTCS 32 CUET derTa KOMIICHCAINH, TO JOJKHA YMCHBIIATHCSA M IIOTHOCTH CHIIOBBIX JIHHHM
3aMKHYTBIX Ha 3apsiasl. Bekrop E AWMONS HAMpaBlIeH BHU3 M BONM3M HYJIEBOI TOYKH MOYTH PABEH HYIIO MPH MOYTH
makcumansHoMm 3Hauenun H (puc. 10). KpasucraTnueckoe ONibKHee Mojie, 3aMKHYTOC Ha 3apsibl, UMEET YUCTO
peakTHBHBIH XapakTep. Ilocie OTpbIBa OT 3apsA0OB M CaMO3aKONbLOBBIBaHHA B nemio, E uHBepTupyercs (MeHsSET
HaIpaBJICHUE HA IPOTHBOIIOIOKHOE) U CTAHOBUTCS OOJIBLIMM 110 BEJIMYMHE. DTO 03HAYACT, YTO MCUE3aET PEaKTHBHBIH
cuBur No ¢daze A@py = 712 1 HaHHOE PEaKTUBHOE IOJIE MPEBpALIaeTCs B aKTHBHOE moiie m3iaydeHus S, (A@gy = 0)
(puc. 11).

Jimons

H S,
Puc. 11. Hanpasnenne BextopoB E, H u S, B 9KBaTOPHAIBHOM IIOCKOCTH qumions B ¢dase |1.

BekTop S, mosns u3nydeHus HampaBlieH OT OUIosis (OpTOroHaIBHO €ro OCH) BAANb U PACTET 0 BENUYHHE 110 Mepe
COKpAIIIEHHsI CHIIOBBIX JJMHUH OJIM)KHETO IM0JIsl, 3aMKHYTOTO Ha 3apsiyibl. [IpumedarensHo, 4TO B OJTHO M TO )K€ BpeMs, B
OJTHOM M TOM K€ MECTE CYIIECTBYET J[Ba IOTOKA PHEPTMU. PEAKTUBHBIM M aKTHUBHBIA. [IpydéM OHM HampaBieHBI B
MIPOTHUBOIIONOKHBIE CTOPOHBL. W peakTHBHBIN yMEHbBIIAETCS, & AKTUBHBIH PACTET TakK, YTO YaCTh OOJBIIONH PeaKTHBHON
SHEPTHUH TPAHCPOPMHUPYETCS B MaIyIo akTHBHYIO (puc. 5, 12). IIpu cX0okIeHHH THITOIb paboTaeT Kak mpeoopa3oBareib
HAKOIIGHHOW B Npenblaylel ¢ase sHepruu ONMKHEro Mot B BUAE My4Ka CHIJIOBBIX JIMHUH CBS3aHHBIX C 3apsiaMHU B
3aMKHYTHIE TIETIIU TOJIS U3IydeHus. TakuM o0pa3om, mpeodpa3oBaTeieM MojeH SBIIeTCs JUMOIb.

E r ~ I, (kBasncraTHKa) : r > Iy (mmmons Iepra)
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Puc. 12. T'paduku 3aBUCUMOCTH OTHOCUTENBHBIX 3HAUCHUH HANPSHKCHHOCTH SJIEKTPUYECKOTO TI0JIs
OT PACCTOSIHUSI OT JUITOJS UTS 3-X KOMIIOHEHT dJieKTprudeckoro moist (A = 532 um).
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[Tone u3nyueHns: poxaaeTCsi HENOCPEACTBEHHO B TOUKE CAMO3aKOJIbIIOBBIBAHMS, TAK KaK HampasiieHue BekTopa E,
a TakuM 00pa3oM M IIOTOKAa SHEPruM S, MEHsIeTCSI Ha NPOTHBOIOJOXXHOE B MOMEHT OTpbIBa M30BITOUYHON CHIIOBOM
JIMHHH OT 3apsIIOB M €€ caMO3aKOJIbIIOBBIBAHUS B 3aMKHYTYIO METIIO MOJIs u3nyueHus (puc. 11).

PaccMOTpUM COOTHOLICHHE 3THX NOTOKOB SHepruu (S um S,). Bce ocHMIIATOPBI SBISIOTCA CBOEro poja
KoJieOaTeIbHBIM KOHTYPOM C PEaKTUBHBIMU M aKTHBHBIMHU ITOTOKaMHU SHEPTUH, NPUUEM pEeaKTHBHBIE TOpa3io Oolblie
akTuBHBIX — B Q pa3 (rme Q — moOporHOCTh KOHTYpa). IIpy BKIIOYCHHH BHEIIHErO IIOJS aMIUIUTYIa PEaKTUBHBIX
KoyieOaHWH HAaYWHAET PACTH M 3TOT POCT OTPAaHWYMBACTCS TOJIBKO HAIMYMEM aKTUBHBIX MOTEPb, BEIBOASAIINX 3HEPTHIO
13 ocumuIATOpa. B KonmeOaTenbHOM KOHTYpE 3TO aKTHBHOE CONPOTHBICHHE IOTEPh, & B AMIIONE — 3TO aKTHBHBIC
noTepu Ha wm3nydenue sHepruu S,. Kak Buano w3 puc. 12, B noxansHoil 30omHe munois (mpu I ~lg) ammuturymst
PEaKTHBHBIX IOJIEH Ha MOPSIKU MPEBHIMAIOT aMIUIUTY bl AKTUBHBIX ITOJICH M3IydeHHs. AHaJIOTWYHasl CUTyalus U B
paaMoTeXHUKE: Ha Pe30HAHCE peaKkTHBHBIC Mos (HampshKeHHOCTh E Ha KOHEHcaTtope W TOK, a TakuM obpasom u H
KaTyIIKH WHIYKTHBHOCTH) Bo3pacTaloT B Q pa3. AHajoruyHo u B aumnone S > S,. D10 o3Hauaer, 4to B (hase
CXOJK/IEHHsI, KOTJIa OJTHOBPEMEHHO CYIIECTBYIOT JIBa IOJISI C TIPOTHBOIIOJIOKHBIMU HAIlpaBJIEHUSMH ITIOTOKOB SHEPIHH,
aKTMBHBIH TOTOK IOJISI M3JIydeHWS S, HE3HAUWTENEeH MO CPaBHEHWIO C peakTHBHBIM S. I[loaToMy miIOTHOCTH
OTOPBABIIMXCA W CAaMO3aMKHYBIIHMXCS TIE€TENb IOJI W3JIyYeHHsS MHOTO MEHBINE IUIOTHOCTH 3aMKHYTBIX Ha 3apsibl
CHJIOBBIX JIMHUH OJIFKHETO OIS,

B konte dassr |l (puc. 13) crmoBsie THHAM OIMXKHETO TOJIS, OTOPBABIINCH OT CBOMX 3apsI0B, CAMO3aMKHYJIHUCH B
TICTIN TIOJISI U3ITydeHUsI. AGCONTIOTHBIE 3HaUEHNsI TOKa 1 H B HyJIEBOH Touke MakcuMaibHbl, HO Ey = 0 n peakTHBHOTO
noroka S Her. Copasa ot gunoist (puc. 11) Bekrop H HampaBieH «K Ham», BekTop E moist M3IydeHHs HanpaBieH
BBEpX, CIICJOBATEIBHO, MAKCUMAIIBHBI aKTUBHBII MOTOK S, HAIpaBiIeH OT AUNOJsI (OPTOroHansHO ero ocu). CHioBbIe
JIMHUY HaKayaHHOTO B IpeAblnylied ¢asze OJImKHEro mojsi nmpeoOpa3oBaHbl TUIIOJIEM B IMETIH CBOOOJHOTO OIS
m3nydenus (puc. 11, 13). A peakTHBHBII MOTOK S paBeH HYJO, MOCKONBKY DIICKTPHUECKOE TIOJIC 3apsI0B B HYJICBOU
TOYKE MOJIHOCTHIO CKOMIIEHCUPOBAHO.

Jlanee Bc€ mMoBTOpsIETCSl BO BTOPOM TIOJIYTIEPUO/IE, TOIBKO C MHBEPCHEH 3HAKOB 3apsZioB U TOKOB — (POPMHUPYIOTCS
CWJIOBBIC JIMHUM CJIEIYIOIIEro y)K€ HHBEPCHOTO NONyNepruoja Mol n3iaydeHus. Y camo3akosbliOBaHHBIC IIE€TIIN
AKTHUBHOTO TOJIs PACIIPOCTPAHSIIOTCS OT IUIOJS (OPTOTOHAIBEHO €r0 OCH) BIECBO.

WTaKk, OTPBIB CHJIOBBIX JIMHUHA C MX CAaMO3aMBIKAaHMEM B IETIIH TIOJI M3Iy4eHHs HAET Toibko B dazax Il u IV
CXOXKICHHS 3apiJ0B U YMCHBIICHHUsS BEJIMYMHBI packoMneHcanuu (puc. 5). [Ipowcxomur mpeoOpazoBaHue OJIHKHETO
KBa3UCTATHUECKOTO TOJsI, HakadyaHHoro B (aszax | wm |ll pacxoxnmeHus, B CBOOOOHOE TIONIE W3ITYUYCHHS,
pacrpocTpaHsroneecs: U3 OJIMKHEH 30HBI B JATBHIOK.

Puc. 13. Konen ¢a3sr |1.
3apsiabl HAXOASATCS B HYJIEBOM TOYKE M MX MO, @ TAKAM 00pa3oM M CHJIOBBIC JIMHHH PEaKTHBHOTO S; OIMIKHETO MOJIsl, OTHOCTBIO
CKOMIIEHCHPOBANKCH HHTepdepentmeit. OcTanoch TONBKO HeGOIBIIOE KOIMIECTBO OTOPBABILIMXCS U CAMO3aKOJIbIEBABIINXCS METENb
PacIpOCTPAHSIONIETOC B JANBHIOI 30HY aKTHBHOTO S, TIOJISI 3Ty YeHHS.

B ¢a3zax pacxoxknenus (I u I11) 3a cuér packommeHcanuu mojeil yBeqIHMYMBACTCSA IUIOTHOCTh CHUIIOBBIX JIMHHUH
PEaKTUBHOTO OJIMKHETO TIOJIS, 3aMKHYTBIX Ha 3apsiasl. HapacTaet sHeprus OIFMKHETO 1Mo, HO He MPOHCXOIUT Iporece
npeoOpa3oBaHuss €ro B 3aMKHYTbIe METIU CBOOOAHOrO IMOJsi M3nydeHus. PeakruBnblii Bekrop IloiiHTHHra S B
HapacTaroIeM OIKHEM OJIe HAIIPaBIIeH OT JUIOJs (OPTOrOHAIBHO €ro OCH).

B ¢aszax cxoxaenus (I m V) 3a cuér koMmeHcary MOJICH YMEHBIIACTCS TUIOTHOCTH CHIIOBBIX JIMHHM
PEaKTUBHOTO OJIMIKHEro MoJjisi, 3aMKHYTBIX Ha 3apsijibl. PeakTuBHBIA Bektop IloiiHTHMHra S HampaBieH K JUIIOINIO
(oproronansHo ero ocu). COKpaIaronecss CHIOBbIC THHHM CaAMO3aKONBIIOBBIBAIOTCS M 00pa3yroT 3aMKHYTHIC METIH
HOJIsL U3Ny4YeHUs. B camo3aMKHYTBIX METAX HampaBiieHHe Bekropa E, a cienoBaTelnbHO U MOTOKA YHEPTUH B MOMEHT
OTpBIBa MU30BITOYHBIX CHJIOBBIX JIMHUH OT 3apsIOB, MEHSETCS HA MPOTUBOMONIOXKHOE (¢ S Ha S,) (puc. 5, 10-11). B sToT
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MOMEHT HM3MEHsIeTCs U cIBUT (a3 ¢ peakTWBHOrO Apgy = 7/2 Ha aktuBHbIH Agep = 0, mockonbky mone E u3
cTpemsitierocs K HyJo Eg. cTaHOBUTCS OOJbIIMM M CHH(A3HBIM ¢ OonbmM H B HyJIEBO TOUKeE.

TakuMm 00pa3oM, Ha JTare CXOXKJICHUSI UMEEM OJHOBPEMEHHO JIBa THIA MOJIEH: PeakTHBHOE M aKTHMBHOE, TOTOKU
9HEPIUHU KOTOPBIX S M S, HalpaBICHBI B POTUBOIIOIOKHBIE CTOPOHBI (puc. 5). DTo cokparuaronieecs ONvKHee moe,
3aMKHYTO€ Ha 3apsjibl, 1 CBOOOJHOE OT 3apsiOB pacTyllee IoJe HM3IY4YEeHHs B BUJE CaMO3aMKHYBIIMXCS IETENb.
CoOTHOIIIEHNE STHX IOJIEH HEMPEepBHIBHO MEHSETCS BIUIOTH MO HyJIeBOM Toukd, B KoTopoil E4 =0. Ho ocratorcs
3aMKHYTBIE TIETJI CBOOOJHOTO MOJISI H3IY4YCHHS, PACIIPOCTPAHSIOIINECS B JaNbHIO0 30HY (puc. 13).

Hrtoro umeeM crenyromyto cutyanuo. B ¢ase | motok sHepruu S HampasiieH OT AUIIONS M HAKaYUBACT SHEPIHIO
ommkuaero nons. B dase |l S wampasnen k gunonto. B ¢ase 1l mortok sHepruu, HO yke WHBEPTHPOBAHHbIM, CHOBA
HaIlpaBlIeH OT AWIIONSA M HaKayMBaeT SHEPrHI0 OJIMKHEro IOJI NMPOTHBOINOJIOXKHOHM mossipHocTH. B ¢ase 1V morok
PEaKTUBHOM SHEPIMU CHOBA HAIpaBiieH K IUIONIO. TakuM 00pa3oM, NOTOK PEaKTUBHOM 3HEPruu ONIKHEro moist 4
pa3a 3a mepuoj] MEHSET HalpaBleHHWE CBOEro NBIDKEHWs. M Mo3TOMy B CpeAHEM 3a Mepuo]| PEaKTHBHBIA IOTOK
OJIMKHETO TOJISE PABEH HYJIIO.

B nuTeparype cooTHOIIEHHE aMIUIUTY/ PEaKTHBHBIX M aKTHUBHBIX IOJIEH OOBIYHO NMPHBOASATCS Ha rpadukax B
JMHEHHOM WM moiynorapupmuueckoM macmrade [1]. Ho cooTHolleHne amIuiUTyn B ONMIKHEH 30HE CIOXKHO
COCUMTATh II0 KpPYTHIM THIEpOOTMYECKMM KpuBBIM. IlosTomMy naHHbele Tpaduku yaoOHee oToOpaxarh B
norapupmuyeckom macintabe (puc. 12). Ha rpaduku KBasucTaTUUeCKuX Mojieil orpanndyende aumnois [epua r >> g He
pacIpocTpaHsercs, Tak KaK CHJIOBBIC JIMHUM HAYMHAIOTCS HETMOCPEICTBEHHO OT CBOMX MCTOYHHMKOB — 3apsfOB M HX
nBikenns (TokoB). ITonst B JOKanbHOM 30HE Ha paccrostHuu I ~lg (~1A) cramoBsrcs Gomee crnoxupiMu. K Hum
JNO0aBIAIOTCSl MYJIBTUIONS DPA3HBIX MOPSIKOB M HX pacu€T pe3Ko YclokHseTcs. M 1mo3ToMy HMeEeT CMbICI
HpOBeI[eHHBIﬁ Ha YpPOBHC KJIAaCCUYECKOH QJICKTPOANHAMUKHN Ka4eCTBEHHBIM aHaIu3 (bHSI/I‘IeCKI/IX MEXaHU3MOB
(GhopMHUpPOBaHUS TIOTOKOB OSHEPTHM OJWKHUX W JAJIbHUX TOJCH OCHHUIMPYIOUICTO MWITONSA, OCHOBAaHHBIM Ha
HCIMOJIb30BAHUN KBA3MCTATUYECKAX CHJIOBBIX JIHHHUA HX DJIEKTPUYECKUX 3apsmoBeix moneit E (moneit Kymowa) u
MarHuTHBIX noneit H TokoB (moneit buo-Casapa) /u1st aHanu3a NOTOKOB SHEPTUH: KaK PEAKTUBHBIX S 1pu Apgp = /2,
TaK M aKTUBHBIX S, pu Apg y = 0.

MEXAHMUW3M JABUXEHUS BOJIHBI ITOJISA U3JTYUYEHUSA
ITpuBenem nBa ypasHeHus Makcsemia (3akoH Amiepa-MakcBeluia M 3akoH uHaykuun Dapanes) s Bakyyma (B
cucreme CH):

. oE
rotH = j+¢,—, 2
I+ )

oH
rotE =—p,—. 3
Ko ot ()

UroOBl BBIACHUTH MEXaHHW3M PacHpOCTPAHSETCS 3JEKTPOMATHUTHOW BOJIHBI, BHIOEpEM HAYalbHYIO TOUYKY IIPH
MakcuMansHbIX 3HaueHusx E u H (puc. 14). Dto onpezenser noseaeHne Bekropa E B CIeAyIONHMA MOMEHT BpEMEHH —
€r0 MOYJIb MOXKET TONBKO YMEHBIIATHCS.

rot H e . (H k), rotH 1 E rot E e (E k), rotE 1 H

—

a o
Puc. 14. BextopHoe npeacTaBleHUE aKTUBHON 3J€KTPOMArHUTHOM BOJIHBI OIS U3ITy4eHHS
¢ uzobpakenuem Buxps H (a) u Buxps E (6).
Ammmuryzst E u H cuadasust (Age y = 0).
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Vwmenbinenne E, cormacHo ypaBHeHuto (2), Bb3oBeT rot H. Buxpb MarHMTHOTO MOJS B 3TOH TOYKE JEKHT B
miockoctd (H, K) (puc. 14, a). MaruuTHOe moje BHXpS CymMMupyeTcs co 3HadeHueM H mepeanero ¢poHTa u
BBIYMTACTCS W3 3aaHero ¢ponrta. CiemoBatenpHo, MakcumyMm H cmernaercs Brepén (B HampasieHuu K), a, Takum
00pa3oM, B UCXOZHOMH Touke H yMeHBIIaeTcsl.

B coorBerctBum ¢ ypaBHeHHeM (3), yMeHbineHHe H B MCXOTHOW TOYKE BBI3OBET B OPTOTOHAIBHOW ILIOCKOCTH
(E, k) Buxpp E (puc. 14, 6), 3HaueHne KOTOpOro OyIeT CyMMHPOBATHCS C IepeaHuM (GpOHTOM E U BBHIYMTATHCS H3
3aauero. Makcumym E cmecturcst Briepén (B Hampasienun K), a B cxoaHo# Touke E yMEHBIIUTCS. DTO OMSTH BHI30BET
Takoi Buxpb H, KOTOpHBIN CHOBa nepeMecTUT MakcumyM H Brepén, u Tak aajee.

Takum 00pa3oM, BCsS BOJNHA MyTEM B3aWMHOTO TEpeiMBa CBOMX TpeOHEH OyaeT pacmpocTpaHAThes Brepén (B
HanpasieHuu K).

BonHa He ecThb pacmpocTpaHsromuecs KoneOaHus, Kak ommbouyno wuHorma roeopst [10].  Jlro6oe
3IIEKTPOMATHUTHOE TOJIC MOYKHO Pa3JI0KUTh Ha aKTUBHBIC U PEaKTHBHBIC COCTaBIsoNMe. B konebanusx Apgy = /2 u
MOATOMY KOT/Ia aMILUTUTY/a OJJHOTO M3 IoJIed MakcuMallbHa, aMIUINTY/la BTOPOTO paBHA HYJIIO M HA000pOT. A B BOJIHaX
Apegpn = 0 — amrumnTyabl cuH(a3HBI. 3HAYNUT, SHEPTHH PEAKTHBHBIX MOJIEH MOJHOCTBIO IEpEeKaunBaIoTCs JApYT B JIpyra
BO Bcel 00yacTH KoeOaHuidi. ITOro He NPONUCXOINUT B BOJHAX, B KOTOPBIX aMIUTUTY 16l E 1 H HUKOT/Ia HE OOHYJISIOTCS
— OHH IIPOCTO MePEIMBAKOT rPeOHK APYyT Apyra B HanpasineHun pacnpoctpaHenus (K).

BbIBO/IbI

ITokazaHo, 4TO MOMBITKA MPUMEHEHN 3aKoHa KylloHa K aTOMHOMY JTUITOJIO TOJKHA MPUBECTH K CHHTYJIIPHOCTH B
HYJIEBOM TOYKE M HEBO3MOKHOCTH IOJIIPU3aLMU aToMa B AanbpHeimeM. [Ipennoxena MoJenb QUIOS CO CTPYKTYpoi
aToma, KoTopas OGoJiee IpUOIIKEHA K PEAIbHOCTH, Y€M MOJEIb TUMOouIs I'epria uinn cTaHAapTHas MOJEIb ¢ TOYEYHBIMU
3apsiiaMu.

Knaccuueckas MOJCJIb MOUIIOJA C TOYCYHBIMU 3apsaJaMd K aTOMHOMY JUIIOJIIO HCHIPUMEHHUMA, IMOCKOJIbKY
MOJIOKUTETIBHBIN 3apsa] siipa BCerja HaXOMUTCS BHYTPH PACIPEAETICHHOTO OTPHUIATENBHOIO 3apsaa 3JIEeKTPOHHON
000JIOUKHU M BCET/Ia MIMEET MECTO TO WJIM MHOE 3HAYCHUE KOMIICHCAIIMH TT0JIEH ITHX 3apsI0B.

I'maBHBIN HENOCTATOK CTAHAAPTHOM MOAENH AUMONS C TOYEUHBIMH 3apsiaMH COCTOUT B MOCTOSHHOM 3HAYEHHUU
CYNEpPIO3ULMK CUJIOBBIX JMHUN MOJEH 3apsjoB AWIONS B MPOLECCE €ro OCHWIUIALMU, YTO HPHUHIUIHAIBHO HE
TI03BOJISICT OOBACHUTH (PU3NUECKUI MEXaHN3M NTPeo0pa30BaHMs OJIMKHETO II0JIS B MOJIE 3ITyYEeHUS.

ITokazaHo, YTO NPH OCHIMIUIALIMN 3JIEKTPOHHOW 00OIOUKH 1O/ ACHCTBHEM BHELTHETO MOJIS TPOMCXOANT YacTHIHAS
pacKOMIIeHCALHSI TIOJICH 3apsIIOB, KOTOPAs 3aBHCHT OT IUIeYa U0 | ¥ OpeessieT CHily IPUTSDKEHHS Pa3HOMMEHHBIX
3apsII0B.

IIpennoxeHa ¢yHKIMOHATIbHAS (HOPMYJIa JUMOIBHON CHJIbI, BOSHUKAIOIIEH MEXIy Pa3HOMMEHHBIMH 3apsiiaMH B
MPOLIECCE OCIMIUIAILMMI TUITONS U packomiencaruu ux moneit: F(1) ~ Eq(l).

BBenmeHo TMOHSATHE JTOKATBHOW 30HBI AWMONS. DTO 30HA I ~lg, B KOTOPOW AUMONb yXe HEe OCCKOHCYHO MAbli
3JIeMEHT TOKa, Kak B aumnoie I'epua, a CTpyKTypHBIH 3Jl€MEHT, B KOTOPOM pa3iWYaloTCs pa3HOUMEHHBIE 3apsinibl,
reHepupymomme iektpuueckue E u maruutHele H monsi, a Takke peakTUBHBIE Sy M aKTUBHBIE S, MOTOKU SHEPTHH.
Ionst B OKaNBEHOM 30He Ha paccTosHuu I ~ lg (~1A) cTanoBaTcs Gonee cnoxubMI. K HUM 106aBIAIOTCS MyJIBTHIIONS
Pa3HBIX MOPAJKOB, UX PACU€T PE3KO YCIOXKHSIETCS U MO3TOMY UMEET CMBICH MIPOBEACHHBIN Ha YPOBHE KIIaCCHUECKOU
IEKTPOJVMHAMHMKN KAa4eCTBEHHBIN aHann3 (PU3NUECKHX MEXaHU3MOB ()OPMHUPOBAHHUS IOTOKOB SHEPTUH ONMKHUX U
JaMbHUX TIOJICH OCIMJUIMPYIOIIErO AWIONS, OCHOBAHHBIM HA MCIOJNB30BAHMHM KBA3UCTATWYECKUX CHIIOBBIX JMHUH HX
SIIEKTpUYECKUX 3apsamoBeix moneit E (mosneit Kymowa) m maruutHbix moieil H mmwxymmxcs 3apsaoB (moseit buo-
Casapa) 1751 aHAITH3a TIOTOKOB DHEPTHH: KaK PEaKTUBHBIX S pH A@g y = 71/2, Tak 1 akTUBHBIX S, iput Ageg y = 0.

[IpumeHeHne B aHanmnM3e KBAa3MCTATHUECKUX CHJIOBBIX JIMHUM, HAYMHAIOMIMXCS HEMOCPEACTBEHHO OT UX
HCTOYHHMKOB — 3apsiloB U TOKOB, IIO3BOJIWJIO B MPEIUIOKCHHONW MOJENU JIUIOJNSA CHATh OorpaHWdeHust aumois ['epua
r > lo 1 nath GU3MYECKUil aHATN3 MEXaHU3MOB (DOPMHUPOBAHUS PEAKTHBHBIX OJIMKHUX MOJei U TpaHcHOpMALUK UX B
AKTUBHBIC TTOJIA U3JTYUCHUSA, a TAKIKE OIMUCATh ITOTOKU SHEPIrUn B JIOKaJIbHOM 30HE OCHUWJLIIATOpA r—~ Io.

[TokazaHo, 4To B (ha3ax CXOXKIECHUS B MOMEHT OTpbIBA CHJIOBBIX JIMHUI OJIMDKHErO IIOJISI OT 3apsifoB M HX
CaMO03aKOJIBIIOBBIBAHHS B IIE€TJIM CBOOOIHOTO IOJISI M3JIyYEHHs HampaBlieHHe BekTopa E, a TakuM o0pa3oM M HOTOKa
9HEPTUH, MEHSETCS Ha MPOTHBOMONOKHOE (¢ S Ha S;). Tak B MOMEHT OTphIBa H30BITOUHBIX CHIIOBBIX JIHHUI OT 3apsI0B
T10JI€ U3ITyYCHNUS POXKIIACTCS HETIOCPEICTBEHHO B TOUYKE CAMO3aKOJIBIIOBBIBAHNS B 3aMKHYTYIO TIETJIIO CHIIOBBIX JIMHUH.

OTpBIB CHJIOBBIX JMHUHM C MX CaMO3aMBIKAaHMEM HIET TOJNBKO HA 3Talax CXOXKACHHS 3apsiOB M YMEHBIICHHS
BEJINYMHBI packoMIieHcany. Mnér npeobpa3oBanne paHee HAKAYaHHOW SHEPTHH OJIFKHETO KBa3HCTATUYECKOTO TIOJIS B
SHEPTHUI0 CBOOOIHOTO TIOJIS M3IIyUEHUs], PACTIPOCTPAHSIOIIETOCS 13 OJIVKHEH 30HBI B TATBHIOKN.

OnucaH MEXaHU3M JBIKCHUS BOJIHBI MTOJISI M3ITyUCHHUS IyTEM IEpeNuBa IpeOHsI B COOTBETCTBUH C YPaBHEHUSIMU
Makcgesua. [Ioka3aHo HPUHLIMIMHANBHOE OTIIHYKE BONHBI (akTHBHOTO Ot ¢ Age y = 0) ot Konebanust (peakTHBHOTO
noutst ¢ Apgy = 7l2).

BJATOJAPHOCTD
ABTOpBI BBIp@XAIOT OIAarogapHOCTh [ocymapcTBeHHOMY (GOHIY (GYHIAMEHTANBHBIX HCCICIOBAHUKA YKpauHbI
(rpant ®76/33332).
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